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Abstract

Background: Recent studies report that the health benefits of physical activity differ
depending on whether the activity is performed in the morning, afternoon or evening.
The purpose of this systematic review was to examine whether the timing of physical
activity within the 24-hour day is associated with health.

Methods: Five databases were searched for English or French language peer-reviewed
studies that examined whether the timing of physical activity within the day is associ-
ated with health. No limits were placed on publication year, study population, study
design or health outcomes. Studies that examined acute effects of physical activity or
timing of physical activity around food intake were excluded.

Results: This systematic review examined 35 studies, with 17 259 participants, and the
following health outcomes: measures of sleep health, adiposity, fat-free mass and muscle
size, cardiometabolic biomarkers, physical function and mobility, mental health, and risk
of cardiovascular disease, cancer, and mortality. Heterogeneity across studies precluded
meta-analyses, and we present our findings using narrative syntheses. Of the 35 studies,
11 reported that morning physical activity provides greater health benefits than afternoon/
evening physical activity, while 12 found that morning physical activity provides fewer
health benefits than afternoon/evening physical. In the remaining 12 studies, there was
no clear difference in health benefits based on the timing of physical activity. The quality
of evidence for the different health outcomes across study designs was very low.

Conclusion: There is no consistent evidence that physical activity at one time of day pro-
vides more favourable health benefits than physical activity at a different time of day.
(PROSPERO registration no.: CRD42021231088)
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Highlights

e This systematic review examined
whether the timing of physical
activity within the day is associ-
ated with health.

e Thirty-five studies, with 17259 par-
ticipants, were included.

e The results of 11 studies suggest
that morning physical activity pro-
vides greater health benefits than
afternoon or evening activity, the
results of 12 studies suggest that
morning physical activity provides
smaller health benefits than after-
noon or evening activity, and the
results of 12 studies found no differ-
ences in health outcomes based on
the timing of physical activity.

e There is no consistent evidence
that physical activity performed at
one time of day provides more
favourable health benefits than
physical activity performed at a
different time of day.

Introduction

The US Surgeon General’s 1996 report on
physical activity and health provided the
first national physical activity recommen-
dations for public health!. The report rec-
ommended that adults get “a minimum of
30 minutes of physical activity of moder-
ate intensity (such as brisk walking) on
most, if not all, days of the week.”'?¢ That

recommendation was informed by evi-
dence that adults need to expend about
1000 kcal/week through moderate-to-vig-
orous physical activity (MVPA) to reduce
morbidity and mortality risk'. This can be
achieved with about 150 minutes of MVPA
spread out in 30-minute bouts performed
S days/week!. Canada’s Physical Activity
Guide to Healthy Active Living* made simi-
lar recommendations in 1998.

About a dozen years after the Surgeon
General’s report was published, the United
States’, Canada* and the World Health
Organization® released updated physical
activity recommendations. These recom-
mendations removed the stipulation that
MVPA takes place on most or all days of the
week, and simply stated that adults need to
accumulate 150 minutes/week of MVPA in
bouts lasting at least 10 minutes.

In the past few years, the United States®,
Canada’ and the World Health Organization®
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released updated physical activity recom-
mendations. These new recommendations
no longer stipulate that MVPA needs to be
accumulated in bouts of 10 minutes or
longer. This stipulation was removed
based on evidence that intermittent MVPA
(< 10 minutes) provides equivalent health
benefits to regular bouts of MVPA®%$. Thus,
although the amount and intensity of
MVPA in public health recommendations
have not changed since 1996, the signifi-
cant changes to the components of the
recommendations reflect the patterns in
which the MVPA should be accumulated.

What has not been considered in the con-
text of the recommendations is the time
when physical activity is accumulated
during the day (e.g. morning, afternoon or
evening). Recent studies report that equiv-
alent doses of physical activity in the
morning, afternoon and evening may be
differentially associated with adiposity?,
cardiometabolic biomarkers!, cardiovas-
cular disease™ and cancer!?. These new
studies, coupled with media interest'> !4,
have fuelled some individuals to prescribe
exercise at specific times of the day
because they believe it will optimize
health benefits. However, the effects of
the timing of physical activity has not
been comprehensively examined.

The purpose of this systematic review was
to examine whether the timing of physical
activity during the 24-hour day is associ-
ated with health. The results could shed
light as to whether the timing of physical
activity should be considered in future
public health recommendations and
health promotion efforts.

Methods
Protocol and registration

This review is registered with the
International Prospective Register of
Systematic Reviews (PROSPERO; Registra-
tion no. CRD42021231088) and was con-
ducted in accordance with the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement'®.

Eligibility criteria

We used the PICOS (Participants, Intervention/
Exposure, Comparisons, Outcomes, Study
design) framework to facilitate the search
process and identify study concepts?®.
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Population

The population of interest were people,
irrespective of age, sex, race/ethnicity or
health status.

Intervention/exposure

The intervention or exposure was the tim-
ing of physical activity within the 24-hour
day, irrespective of the intensity. We stud-
ied the effects of habitual physical activity
or physical activity interventions. Studies
looking at acute responses to a single bout
of physical activity were excluded. We did
not study the timing of physical activity
relative to food or beverage intake, medi-
cation use or other therapeutics.

Comparison/control

The comparator was varying levels of the
timing of physical activity. A non-exercise
control group was not required for inter-
vention studies.

Outcomes

All health outcomes were included (i.e.
the search strategy was not limited to a
specific health outcome or small number
of health outcomes). We also included
sleep and sedentary behaviour—the other
movement behaviours that, in addition to
physical activity, sum up to 24 hours in a
day from a time-use perspective!’—as
potential outcomes. Physical fitness and
athletic performance outcomes (e.g. maxi-
mal oxygen consumption [VO2 _ ], mus-
cle strength, sprinting speed) were not
considered.

Study designs

All original primary research study
designs were eligible except case studies,
studies that only used qualitative data
analysis and studies that only examined
the acute effects of physical activity.

Information sources and search strategy

Five databases were searched: Ovid
MEDLINE/PubMed, Ovid Embase, Ovid
PsycINFO, EBSCO Cumulative Index to
Nursing & Allied Health Literature (CINAHL)
and EBSCO SPORTDiscus. Searches were
conducted on 6 January 2021, with no
limits placed on publication dates. Studies
were eligible if they were published or in-
press, in English or French, and were peer
reviewed. Grey literature (e.g. book chap-
ters, dissertations) and abstracts were
excluded because this literature is difficult
to search and is often not peer reviewed.

The following search terms were used: (1)
“physical activity” OR “physical activities”

OR “physically active” OR “physical exer-
cise” OR “exercise” or “walk”; AND (2)
“time of day” OR “timing.” More details
on the search strategy are included in the
supplementary materials (https://osf.io
qcwoj/2view only =4130e81638684feaa2
dfa74f5e589d58).

To remove duplicates, records were
imported into Covidence (Veritas Health
Innovation, Melbourne, AU). During level
1 screening, two reviewers (IJ or JC or SZ)
working independently, screened article
titles and abstracts. Articles meeting ini-
tial screening criteria by either reviewer
proceeded to level 2 screening. During
level 2 screening, two reviewers (IJ or JC
or SZ) examined full texts of the retrieved
articles. Discrepancies were resolved via
discussion until the reviewers reached
consensus.

Data extraction

A reviewer (JC and SZ) extracted data
from eligible studies into Microsoft Excel
365 (Microsoft Corp., Redmond, WA, US)
worksheets, and the other (JC or SZ) veri-
fied their colleague’s results. Reviewers
were not blinded to the article authors’ or
journals’ names when extracting data. For
each study, we extracted data on the
results and important features such as the
design, population examined, sample size,
participants’ age, how the physical activ-
ity timing variables were measured and
classified, and intervention characteris-
tics. When the results of more than one
regression model were reported, the
results from the most fully adjusted model
were extracted.

Risk of bias and study quality assessment

Risk of bias assessment was completed
using methods described in the Cochrane
Handbook'®. These assessments were
completed by one reviewer (JC or SZ) and
verified by another (IJ). The quality of
evidence for each health outcome was
determined systematically using the
Grading of Recommendations Assessment,
Development and Evaluation (GRADE)
framework®. GRADE categorizes the qual-
ity of evidence into “high,” “moderate,”
“low” and “very low.” The rating starts at
“high” for randomized studies and at
“low” for all other studies (e.g. observa-
tional studies, nonrandomized trials). The
quality of evidence can be downgraded
one or two levels if there are serious limi-
tations across studies, for example,
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serious risk of bias, inconsistency of
effects, indirectness or imprecision. The
quality of evidence can be upgraded one
level if there is no cause for downgrading,
that is, there are no serious limitations,
and there is a large magnitude of effect or
evidence of a dose-response relationship®.

Results
Description of studies

A total of 11 773 studies were identified
(PubMed, n = 3455; EMBASE, n = 3356;
PsycINFO, n = 3423; CINAHL, n = 1903;
SPORTDiscus, n = 1840). After removal
of duplicates, 6666 unique studies remained.
Eighty-one studies passed level 1 screen-
ing and 35 passed level 2 screening for
inclusion in the systematic review. Studies
were excluded because they examined the
acute effects of exercise (n = 18); they
did not examine the timing of physical
activity in relation to a health outcome
(n = 14); they were not primary research
studies (n = 11); and they examined the
timing of physical activity in relation to
feeding (e.g. meal, dietary supplement)
(n = 3).

The PRISMA diagram® is in Figure 1.

Characteristics and results of the 35 stud-
ies included in this review are in
Supplementary Tables S1-S9, and risk of
bias assessments of individual studies are
in Tables S10-S18 (https://osf.io/qcwo6j
2view_only =4130e81638684feaa2dfa74f5
€589d58). Tables S1-S9 and S10-S18 are
organized according to health outcome:
sleep health (Tables S1 and S10), adiposity
(Tables S2 and S11), fat-free mass and
muscle size (Tables S3 and S12), cardio-
metabolic biomarkers (Tables S4 and S13),
risk of cardiovascular disease (Tables S5
and S14), risk of cancer (Tables S6 and
S15), physical function and mobility
(Table S7 and S16), mental health (Tables
S8 and S17) and risk of mortality (Tables
S9 and S18). Several studies presented
data for outcomes that covered two or
more of these categories.

The samples in the 35 studies ranged from
a small convenience sample of 11 to a
large and diverse sample of 9952. Two
studies examined children and youth
while the remainder examined adults.
Data across studies involved a total of
17259 participants. Eight studies were
randomized controlled trials (RCTs), 2
were randomized crossover studies, 5
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FIGURE 1
PRISMA statement 2020 flow diagram' of the identification, screening,
eligibility and inclusion of studies in this systematic review

Identification of studies via databases

Studies identified from databases (n = 11 773):
£  Ovid MEDLINE/PubMed (n = 3455)
E + Ovid Embase (n = 3356) Duplicates removed
! « Ovid PsyINFO (n = 3423) (n =5107)
= « EBSCO CINAHL (n = 1903)
» EBSCO SPORTDiscus (n = 1840)
Studies screened Studies excluded
v | (n=06666) (n = 6585)
=
¥
A : T Excluded studies: (n = 46):
Full-text studies assessed for eligibility
(n =81) « Acute effects of physical
activity examined (n = 18)
 Physical activity not
examined in relation to a
health outcome (n = 14)
* Not original studies
(n=11)
 Physical activity
examined in relation to
timing to feeding (n = 3)
2
= Studies included in review
= (n=35)

Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

were randomized studies without a con-
trol group, 4 were nonrandomized trials,
1 used a prospective cohort design, 5 were
case-control studies and 10 were cross-
sectional studies.

In the 17 observational studies, physical
activity timing was assessed using self-
reported methods in 6 studies and device-
based measures in 11 studies. Three
approaches were used to assess or catego-
rize physical activity timing: 8 studies
measured the amount of physical activity
accumulated during different time inter-
vals (e.g. minutes of MVPA accumulated
in the morning, afternoon and evening);
6 studies categorized participants accord-
ing to the time of day they typically

exercised (e.g. non-exercisers or morning,
afternoon or evening exercisers); and 3
studies looked at changes in MVPA pat-
terns across the day (e.g. low activity in
day but active in the evening, active in the
day but inactive in the evening, etc.).

The exercise interventions lasted between
2 weeks and 10 months; 11/19 studies had
a 12-week intervention. One study pre-
scribed light-intensity physical activity
and 1 study prescribed high-intensity
interval training; the others prescribed
MVPA. Seven interventions prescribed
aerobic exercise, 3 prescribed resistance
exercise, 3 prescribed both aerobic and
resistance exercise and the remainder pre-
scribed multimodal exercise programs. Six
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interventions compared morning versus
afternoon exercise, 7 compared morning
versus evening exercise, 2 compared
morning versus afternoon versus evening
exercise and 1 compared exercise com-
pleted either prior to or within 4 hours of
bedtime.

Data synthesis

Meta-analyses could not be performed
because of the heterogeneity in study
design, measurement and classification of
physical activity for observational studies,
type and duration of exercise prescribed
for interventions and type of statistical
analyses used. We therefore present our
results as narrative syntheses.

The process of conducting the narrative
synthesis included: (1) constructing a
method to abstract relevant study details
and findings; (2) grouping studies based
on health outcomes, study design and
physical activity measures and timing clas-
sification; (3) tabulating positive, negative
and null associations for these groupings;
and (4) exploring whether study design,
age or sex were moderator variables.
Within the narrative syntheses, the term
“mixed results” describes situations where
there was a combination of null findings,
findings that favoured morning physical
activity and findings that favoured after-
noon or evening physical activity. Results
are consistent across age and sex unless
otherwise stated.

Physical activity timing and sleep health

Five studies examined relationships between
physical activity timing and measures of
sleep health: a randomized crossover
study®, a randomized trial without a con-
trol group?, a nonrandomized trial** and
2 cross-sectional studies®*?* (Table S1;
https://osf.io/qcw6j/2view _only =4130e
81638684feaa2dfa74f5e589d58). Sleep health
measures examined included sleep dura-
tion, sleep quality, sleep onset latency, wake
after sleep onset, sleep efficiency, sleep
fragmentation, sleep satisfaction and feel-
ing refreshed or fatigued after awakening.

Mixed results were observed across these
studies. One experimental study reported
that evening exercise led to greater
improvement in sleep onset latency and
sleep satisfaction than morning exercise?.
Conversely, 2 studies reported an associa-
tion between physical activity in the
morning® or at least 4 hours before bed-
time* with better sleep health outcomes
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compared to when physical activity is per-
formed later in the day. In 2 studies, phys-
ical activity timing was not associated
with sleep health?*%,

The quality of evidence was very low for
all study designs (Table 1) because of con-
cerns related to bias, inconsistency and
imprecision, with no evidence of large
effects or dose-response relationships.

Physical activity timing and adiposity

Three RCTs?>%, 2 nonrandomized trials®?
and 4 cross-sectional studies*3? examined
the relationship between physical activity
timing and adiposity (Table S2; https://
osf.io/qcwo6j/2view_only =4130e81638684
feaa2dfa74f5e589d58). A variety of adi-
posity measures were examined including
body mass index (BMI), waist circumfer-
ence, body fat and trunk fat.

Results were mixed. One RCT reported
that participants who performed more
exercise in the morning had greater reduc-
tions in body fat than participants who
performed more exercise in the late after-
noon?. The other 2 RCTs reported no dif-
ferences in adiposity in the morning and
evening exercise groups*#. The 2 nonran-
domized trials reported that morning exer-
cise resulted in smaller improvements to
body fat than afternoon or evening exer-
cise??. Two of the cross-sectional studies
observed that morning physical activity
was more strongly associated with obesity
than physical activity at other times*-.
The other 2 cross-sectional studies mostly
observed that the timing of physical activ-
ity was not associated with adiposity?'32.

The quality of evidence was very low
across study designs (Table 1). There were
concerns related to bias, inconsistency
(randomized trials and observational
studies only) and imprecision (random-
ized and nonrandomized trials only), with
no evidence of large magnitude of effect
or dose-response relationships.

Physical activity and fat-free mass and
muscle size

Eight studies examined the relationship
between physical activity timing and mea-
sures of fat-free mass and muscle size:
5 RCTs?>%7:333% 2 nonrandomized trials'®*
and 1 cross-sectional study® (Table S3;
https://osf.io/qcw6ij/2view only =4130e8
1638684feaa2dfa74f5e589d58). The interven-
tions consisted of resistance training?”33-3,

aerobic training®?® or a combination of
resistance and aerobic training!®®*. The
results of the cross-sectional study® and
5/7 experimental studies!®-2*263334 suggest
that the timing of physical activity is not
associated with measures of fat-free mass
and muscle size. In the remaining 2/7
experimental studies, one reported that
morning exercise results in greater
changes in muscle size than evening exer-
cise?’, while the other reported the
opposite®.

The quality of evidence was very low
across study designs (Table 1). There were
concerns related to bias, inconsistency
(randomized and nonrandomized trials
only) and imprecision, with no evidence
of large effects or dose-response
relationships.

Physical activity timing and
cardiometabolic biomarkers

Eight studies examined the relationship
between physical activity timing and car-
diometabolic biomarkers!*27:3¢-40 " includ-
ing measures of glucose and insulin
homeostasis, plasma lipids and lipopro-
teins, blood pressure, inflammatory mark-
ers and other hormones (e.g. testosterone,
cortisol) (Table S4; https://osf.io/qcw6j
2view_onl y=4130e81638684feaa2dfa74f
5e589d58). All 8 studies used an experi-
mental design; 4 used either an RCT?>#737
or randomized crossover®® design. Of
these 8 studies, 7 prescribed a 12-week
intervention!?:25:27:37-40,

The studies examined a variety of exercise
modalities: aerobic exercise?3":3, resis-
tance exercise?”’, combined aerobic and
resistance exercise'®**° and high-intensity
interval training®. Mixed results were
observed across these 8 studies. Four
reported that the timing of exercise train-
ing did not influence changes in cardio-
metabolic biomarkers?*?734°, Three reported
that training in the morning resulted in
less favourable changes in cardiometa-
bolic biomarkers than training the eve-
ning**3%, while one study reported the
opposite'.

The quality of evidence was very low for
both the randomized trials and the non-
randomized trial (Table 1). For the ran-
domized trials, there was a moderate
concern of inconsistency and a high con-
cern of imprecision. For the nonrandom-
ized trial, there was a moderate concern
of imprecision. There was no evidence of
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TABLE 1

Quality assessment and quality of evidence rating based on studies examining the relationship between physical activity timing and health

Quality assessment indicator

Health q No. of No. of Larde q
Study design ) . . a i g Quality
outcome g studies participants R:)Sil;:f Inconsistency  Indirectness  Imprecision magnitude re?(:)slfse
of effect P
Randomized trials 3 174 Moderate ngh . No indirectness !Vloder;?tfz No evidence No evidence Very low
Sleep risk inconsistency imprecision
Obsgrvatlonal 2 1223 High risk Moderf:lte No indirectness Modera'ltfe No evidence No evidence Very low
studies inconsistency imprecision
Randomized trials 3 135 Moderate !VIoder:ate No indirectness Moder:ftfe No evidence No evidence Very low
risk inconsistency imprecision
Adiposity merandomlzed 2 51 High risk NO . No indirectness !Vloderz?tfe No evidence No evidence Very low
trials inconsistency imprecision
Obsgrvatlonal 4 8427 High risk Moder'ate No indirectness NO L No evidence No evidence Very low
studies inconsistency imprecision
Randomized trials 5 183 Moderate Moder?te No indirectness !-“gh - No evidence No evidence Very low
risk inconsistency imprecision
Fat-free mass. merandomlzed 2 84 High risk !Vloderflte No indirectness !Vloderz?tfz No evidence No evidence Very low
and muscle size  trials inconsistency imprecision
Obsgrvatlonal 1 263 High risk NO . No indirectness MOderé.'t? No evidence No evidence Very low
studies inconsistency imprecision
. . Randomized trials 8 437 Moderate Moder?te No indirectness !-“gh - No evidence No evidence Very low
Cardiometabolic risk inconsistency imprecision
biomarkers i
NPnrandomlzed 1 32 High risk NO . No indirectness !Vloderz?tfa No evidence No evidence Very low
trials inconsistency imprecision
Risk of . :
cardiovascular Obsgrvatlonal 4 1922 High risk !-"gh . No indirectness !Vloderz?tfe No evidence No evidence Very low
. studies inconsistency imprecision
disease
. . Lo No L High . .
Risk of cancer Cross-sectional 1 2795 High risk inconsistency No indirectness imprecision No evidence No evidence Very low
Randomized trials 1 31 Moderate NO . No indirectness !-“gh - No evidence No evidence Very low
risk inconsistency imprecision
Phy5|.cal NPnrandomlzed 1 29 High risk NO . No indirectness .ngh - No evidence No evidence Very low
function trials inconsistency imprecision
Obsgrvatlonal B 1605 High risk !Vloder'ate No indirectness NO - No evidence No evidence Very low
studies inconsistency imprecision
Randomized trials 2 118 High risk MOderf’te No indirectness MOderift? No evidence No evidence Very low
inconsistency imprecision
Mental health o - - N
SE.EI‘VHtIOIIa 1 92 no erate No No indirectness Unclear No evidence No evidence Very low
studies risk inconsistency
Risk Of. Obsgrvatlonal 1 2978 Moderate NO . No indirectness NO - No evidence No evidence Very low
mortality studies risk inconsistency imprecision

 The total exceeds the actual total number of participants due to overlap across some of the studies.

a large magnitude of effect or dose-response
relationships.

Physical activity timing and risk of
cardiovascular disease

Three case-control studies'**? and 1 cross-
sectional study*® examined the association
between physical activity timing and car-
diovascular disease (Table S5; https://osf.
io/qcw6ij/2view only =4130e81638684fea
a2dfa74f5e589d58). One examined chil-
dren and adolescents*?, while the others

Vol 42, No 4, April 2022

examined adults##, One study exam-
ined high cardiovascular disease risk (i.e.
10-year cardiovascular disease risk predic-
tion)*, while the others examined cardio-
vascular disease end points! 442,

Mixed results were observed across these
4 studies. The first case-control study
reported that sports performed in the
morning and evening but not afternoon
were associated with a reduced odds of
acute myocardial infarction. The second

case-control study reported that physical
activity in the late afternoon (15:00-
18:00), but not during the school day or
evening, was associated with heart dis-
ease*?. The third case-control study found
that the reduced odds of coronary artery
disease was similar irrespective of the
typical time of day of exercise®. Finally,
the cross-sectional study reported that
higher cardiovascular risk was associated
with a lack of physical activity in the
afternoon and evening but in not the
morning®.
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The quality of evidence was rated as very
low as there were high concerns related to
bias and inconsistency and moderate con-
cerns related to imprecision (Table 1).

Physical activity timing and risk of cancer

A single prospective cohort study exam-
ined the association between physical
activity timing and cancer? (Table S6;
https://osf.io/qcw6j/2view _only =4130e8
1638684feaa2dfa74f5e589d58). This study
looked at prostate cancer in men and
breast cancer in women. No significant
protective effects were observed for early
morning, late morning or afternoon physi-
cal activity.

The quality of evidence was rated as very
low (Table 1) as there was a high risk of
bias and imprecision with no evidence of
a large magnitude of effect or dose-
response relationship.

Physical activity timing and physical
Jfunction and mobility

Five studies examined the relationship
between physical activity timing and mea-
sures of physical function and mobil-
ity?274446 (Table S7; https://osf.io/qcw6j
2view_only =4130e81638684feaa2dfa74f5
€589d58). Three studies examined direct
measures of function (e.g. walking speed,
functional mobility)**45, one examined
falls** and one examined frailty*. Four of
these studies were cross-sectional?”4+,
and the fifth was a nonrandomized trial°.

The results of 3/5 studies suggest that
while physical activity is associated with
better physical function outcomes, the
timing of physical activity is not rele-
vant?445 One cross-sectional study indi-
cated that less physical activity in morning
through afternoon, but not evening, was
associated with frailty*®. Conversely, walk-
ing test scores in the nonrandomized trial
improved more in evening exercisers than
morning exercisers’.

The quality of evidence was rated as very
low across study designs (Table 1). There
were concerns related to bias for all study
designs, to inconsistency for observational
studies and to imprecision for the ran-
domized and nonrandomized trials. There
was no evidence of a large magnitude of
effect or dose-response relationships.
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Physical activity timing and mental health

Three studies examined the association
between physical activity timing and men-
tal health*# (Table S9; https://osf.io/qcwo6j
/2view_only =4130e81638684feaa2dfa74f5
e589d58). In a 12-week RCT of older
adults, afternoon exercise was more effec-
tive than morning exercise at improving
cognitive function and mood¥. In a
12-week nonrandomized trial of retired
elite athletes with depression, morning
and evening exercise led to comparable
improvement in mood state*. In a case-
control study of patients with Alzheimer
disease and older adult controls, the
altered physical activity levels in the
patient group were most pronounced in
the morning®.

The quality of evidence was rated as very
low for both the randomized trials and
case—control study (Table 1). For the ran-
domized trials, there was a high concern
of bias and a moderate concern of incon-
sistency and imprecision. For the case-
control study there was a moderate
concern of bias. There was no evidence of
a large magnitude of effect or dose-
responses relationships.

Physical activity timing and risk of
mortality

A single study that used a prospective
cohort design in 50- to 85-year-olds exam-
ined the association between physical
activity timing and risk of mortality* (Table
S10; https://osf.io/qcw6j/2view _only = 4130
e81638684feaa2dfa74f5e589d58). The authors
used accelerometers to measure physical
activity over 7 days and examined whether
average daily physical activity performed
in each of 12 two-hour time intervals con-
tributed to an all-cause mortality prediction
model®. The prediction model also con-
tained total physical activity and several
sociodemographic, behavioural and health
variables. None of the activity counts for
the 12 two-hour time intervals reached sta-
tistical significance in the model.

The quality of evidence was rated as very
low (Table 1). There was a moderate risk
of bias without evidence of a large mag-
nitude of effect or a dose-response
relationship.

Discussion

This review was prompted by evolving
public health recommendations for physical

activity and the desire to understand if the
timing of physical activity within the day
may be a consideration in future recom-
mendations. We synthesized evidence
from 35 peer-review studies of over 15000
unique participants that examined the
relationship between the timing of physi-
cal activity within the day and indicators
of health. Across the 35 studies, partici-
pant characteristics, study design and
physical activity characteristics varied tre-
mendously. A summary of findings is pre-
sented in Table 2.

There is no consistent evidence that phys-
ical activity performed at one time of day
provides more favourable health benefits
than that performed at a different time of
day. Although the results of 11 of the
reviewed studies (31 %) suggest that phys-
ical activity in the morning provides
greater health benefits than physical activ-
ity in the afternoon or evening, the results
of 12 of the reviewed studies (37%) sug-
gest that physical activity in the morning
provides fewer health benefits than physi-
cal activity later in the day. The remaining
studies found no clear difference in health
outcomes based on the timing of physical
activity. This pattern of mixed findings
was observed for all 9 health outcome
categories.

To the best of our knowledge, this is the
first review to examine the relationship
between physical activity timing within
the 24-hour day and health outcomes.
Previous systematic reviews have consid-
ered the timing of exercise around food
intake (e.g. meals, nutritional supple-
ments) as well as whether exercise perfor-
mance varies according to the time of day
when the exercise is performed. One
recent systematic review concluded that
exercise performed post-meal has a
greater impact on postprandial glycemia
than exercise performed pre-meal®.
Another review and meta-analysis of pro-
tein timing around resistance exercise
concluded that consuming adequate pro-
tein in combination with resistance exer-
cise is key to maximizing gains in muscle
size, but the timing of protein intake
around the training session does not sig-
nificantly influence these gains®. Other
reviews concluded that performance in
aerobic and anaerobic exercises is highest
in the late afternoon to early evening®*.

Strengths and limitations

Several gaps and limitations exist in the
studies included in this review. Most
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TABLE 2

High-level summary of findings by health outcome

Health outcome s':::;l;fs parl\tli?:.i::n - %:;:gczf Summary of findings

Timing of physical activity not important in 2 studies

Sleep health 5 1397 Very low Morning or afternoon physical activity favoured in 2 studies
Evening physical activity favoured in 1 study
Timing of physical activity not important in 4 studies

Adiposity 9 8613 Very low Morning physical activity favoured in 3 studies
Afternoon or evening physical activity favoured in 2 studies
Timing of physical activity not important in 6 studies

Fat-free mass and muscle size 8 530 Very low Morning physical activity favoured in 1 study
Evening physical activity favoured in 1 study
Timing of physical activity not important in 4 studies

Cardiometabolic biomarkers 8 469 Very low Morning physical activity favoured in 1 study
Evening physical activity favoured in 3 studies
Timing of physical activity not important in 2 studies

Risk of cardiovascular disease 4 1922 Very low Morning physical activity favoured in 1 study
Afternoon physical activity favoured in 1 study

Risk of cancer 1 2795 Very low Timing of physical activity not important in 1 study
Timing of physical activity not important in 3 studies

Physical function and mobility 5 1665 Very low Morning physical activity favoured in 1 study
Afternoon physical activity favoured in 1 study
Timing of physical activity not important in 1 study

Mental health 3 210 Very low Morning physical activity favoured in 1 study
Afternoon physical activity favoured in 1 study

Risk of mortality 1 2978 Very low 12:00-2:00 physical activity most favourable

studies focussed on MVPA and only one
examined light physical activity”. The
number of studies was small (1 to 9) for
the 9 health outcomes where there was at
least some evidence, and nonexistent for
all other health outcomes. Almost half
(47%) of the interventions lacked a con-
trol group and/or were nonrandomized.
Furthermore, most interventions had
small sample sizes (typically <20 per
treatment arm) and were underpowered to
detect small effects. Many of the observa-
tional studies also lacked precision.

It was difficult to examine dose-response
relationships because the timing was often
examined over broad time spans (e.g. all
morning hours versus all evening hours).
Studies in this topic area have also not con-
sidered whether the findings are modified
by physical activity characteristics (e.g.
type, intensity, dose) and sociodemographic
characteristics (e.g. age, sex, race/ethnicity).
Future studies should examine the timing of
physical activity using a compositional data
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analysis approach that considers physical
activity across the full 24-hour day".

A notable strength of this systematic review
is its comprehensive search strategy, with all
study designs, all health outcomes and all
populations included. A primary limitation
is that the evidence was of very low quality
because of concerns to do with bias, a lack
of consistent findings and imprecise find-
ings. Because this systematic review was
limited to peer-reviewed studies, it is sus-
ceptible to publication bias because null
findings are less likely to be published®.
This review was also limited to English and
French language papers; however, a recent
analysis indicates that excluding non-Eng-
lish publications from evidence syntheses
did not change the conclusions®.

Conclusion

The results of 35 studies examining the
association between physical activity and
health outcomes are mixed. The findings,
which are based on very low quality evi-
dence, do not consistently support that it

would healthier to be physically active at
one time of day over another. People should
be encouraged to be active when it is most
convenient for them.
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